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Abstract: Reinforced concrete shear wall (RC wall) is an important element in tall buildings, 
which provides strength and stiffness against lateral loadings, e.g. earthquake and wind. 
Numerous researches have been conducted to study its nonlinear behavior via microscopic and 
macroscopic model. The later approach is currently being widely explored since it has many 
advantages compared to the preceding models. A well-known macroscopic model, namely Shear-
Flexure-Interaction Multiple-Vertical-Line-Elements-Model (SFI-MVLEM) in the open source 
platform Open Sees, is capable of simulating the coupled nonlinear shear-flexure interaction 
response in the RC wall. This paper presents an evaluation to the applicability of SFI-MVLEM 
model to predict the coupled nonlinear shear-flexure behavior of RC wall specimens compared to 
experimental results in available literature. The analysis results show that the model is able to 
predict the behavior of RC wall considerably accurate in terms of hysteretic curves, cracking 
patterns, and contributions of shear and flexural displacement to total displacement. 
 
Keywords: Shear-flexure interaction (SFI); reinforced concrete shear wall (RC wall); macro-
scopic model. 
  
 
 
Introduction   
 
Reinforced concrete shear wall (RC wall) is an 
important element in seismic-resistant reinforced 
concrete buildings, which provides strength and 
stiffness against lateral loadings, e.g. earthquake 
and wind. Thus, numerous researches have been 
conducted to study the nonlinear behavior of RC wall 
under cyclic loading. RC wall is generally classified 
into three main categories, i.e. squat, moderate, and 
slender walls for those having aspect ratio (height to 
length ratio) of 0.35-1.50, 1.50-2.50, and greater than 
2.50, respectively. Squat RC wall tends to exhibit 
shear-controlled failure mechanism. On the other 
hand, slender RC wall exhibits flexure-controlled 
failure mechanism. Meanwhile, for moderate aspect 
ratio of RC wall, shear and flexural yielding usually 
occur at nearly the same period. This phenomenon is 
further commonly referred as shear-flexure interac-
tion (SFI) [1]. 
 
It is worth noting that commonly built RC wall in 
the present constructions can be categorized as 
moderate to slender RC walls, which makes a 
comprehensive study of the coupled nonlinear shear-
flexure behavior of RC wall under cyclic loading is 
essential.  
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This can be achieved via microscopic model by 
means of finite element based approach, which is 
able to provide remarkably accurate and compre-
hensive results. Nevertheless, this method requires 
enormous computational resources. On the other 
hand, macroscopic model offers considerably accu-
rate results with less computational resources, thus 
makes this model preferable amongst researchers in 
recent years [2]. 
 
A fiber-panel based element as macroscopic model 
has been largely developed to model the nonlinear 
responses of RC wall. The most renowned model, 
acknowledged for its accuracy and stability of 
analysis, was the multiple vertical line element 
model (MVLEM), which was proposed by Orakcal et 
al. [3]. This model was further developed to incorpo-
rate the coupled behavior of shear-flexure response, 
and thus led to a new model known as shear-flexure 
interaction multiple vertical line elements model 
(SFI-MVLEM) [1]. This element has been exten-
sively used to study the SFI behavior of rectangular 
RC walls with aspect ratio of 1.50 and 2.00 [1]. 
Nevertheless, the applicability of the element to 
simulate the SFI behavior of flanged and barbell-
shaped RC walls has not been observed thoroughly. 
Therefore, it is essential to investigate the reliability 
of this element to predict the coupled nonlinear SFI 
behavior of those types of RC walls. 
 
This research aims to investigate the reliability of 
the SFI-MVLEM element to simulate nonlinear 
coupled SFI behavior of various types of RC walls, 
i.e. rectangular, flanged, and barbell, under lateral 
cyclic loading. The evaluation is done by comparing 
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the hysteretic curves and cracking patterns resulted 
from the model to the results from experimental 
tests of RC walls. Further indicative aspect, i.e. the 
contribution of shear and flexural displacement to 
the total displacement is also considered. The whole 
results are finally summed up to justify the 
reliability of the model on simulating the SFI 
behavior of RC walls. 
 
SFI-MVLEM Model 
 
SFI-MVLEM model was developed from the pre-
viously existed macroscopic model, i.e. MVLEM 
proposed by Orakcal et al. [3], which treated shear 
and flexural responses separately. Further, Massone 
et al. [4] proposed MVLEM model for simulating 
behavior of coupled nonlinear SFI of RC walls under 
monotonic responses. The following research con-
ducted revealed that the model was simple to 
formulate, numerically stable, efficient and reaso-
nably accurate to predict flexural response of RC 
walls [5]. In 2010, Ulugtekin [6] proposed RC panel 
model incorporating the fixed strut angle model 
(FSAM), which was further extended by Orakcal et 
al. [7] to include the effect of aggregate shear 
interlock (nu). Finally in 2013, Kolozvari [1] modeled 
RC walls by replacing the uniaxial element of 
MVLEM by m-number of RC panels, which was 
henceforth known as SFI-MVLEM, and also added 
the effect of dowel action (α) to the model. The 
analytical model of the element is presented in 
Figure 1. Each SFI-MVLEM element was presented 
with six degree of freedoms (DOFs), which was 
located at the top and bottom rigid beams. These 
DOFs was introduced to capture normal strain in 
vertical direction (εy,i) and shear strain (γxy,j). Mean-
while, normal strain in horizontal direction was 
evaluated by introducing a total of m-number addi-
tional DOFs, which was added on each RC panel. 
Thus, each SFI-MVLEM element has overall 6+m 
DOFs. Furthermore, ch indicates the center of 
relative rotation between the two rigid beams at top 
and bottom of the SFI-MVLEM element. A value c = 
0.4 was recommended by Vulcano et al. [8], and thus 
will be adopted in this paper. 
 
Figure 1. SFI-MVLEM Element [1] 
Constitutive Material 
 
A steel constitutive model proposed by Menegotto 
and Pinto [9], which was further expanded by 
Filippou et al. [10] to incorporate the effects of iso-
tropic strain hardening, was used in the SFI-
MVLEM. The constitutive model relates the modu-
lus of elasticity in elastic region (initial modulus) and 
in plastic region (yield modulus) by introducing ratio 
b, which is the ratio between the yield modulus to 
the initial modulus. The curved transition in the 
vicinity of intersection between the gradient of 
modulus of elasticity described the Bauschinger 
effects [1]. This model was selected due to its 
relatively simple formulation yet ability to perform 
isotropic strain hardening under compression and 
tension loading [5]. Meanwhile, for concrete, a con-
stitutive material proposed by Chang and Mander 
[11] was used. The constitutive model was selected 
due to its flexibility to represent complex hysteretic 
behavior of confined and unconfined conditions of 
ordinary and high-strength concrete under cyclic 
loading. The model was also capable of capturing 
important features in concrete, such as compression 
and tension cyclic responses, stiffness degradation, 
and crack closure effects [5]. 
 
Methods 
 
A well-known open source platform, i.e. Open Sees, 
was used to perform the analysis. The program 
requires problem definitions, which inputs may be 
divided into three main stages. Firstly to be defined 
were geometrical data of RC wall involving overall 
height, web thickness, as well as boundary elements. 
Thereafter was to specify the ratio of vertical, hori-
zontal, and confining steel reinforcement ratio 
embedded in the wall. The last step was to define all 
necessary constitutive material parameters for 
concrete as well as steel, i.e. ultimate compressive 
stress (f’c), modulus of elasticity (Ec), and ultimate 
strain (εc) for concrete and yield stress (fy), modulus 
of elasticity (Es), and strain hardening ratio (b) for 
steel. Numerous constitutive models for concrete and 
steel are readily available in Open Sees. In this 
paper, Concrete CM, which was derived based on the 
model proposed by Chang and Mander [11], was 
chosen to represent the behavior of concrete. Mean-
while, a steel constitutive model Steel MPF proposed 
by Menegotto and Pinto [9] and further enhanced by 
Filippou et al. [10] was used to represent the beha-
vior of steel. 
 
The ability of SFI-MVLEM model in simulating the 
SFI behavior of rectangular RC walls presented in 
the previous research [1] needs to be confirmed 
before investigating other types of RC walls. The 
evaluation was done by comparing hysteretic curves 
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obtained from Open Sees (hereafter model) to 
previously conducted experimental test results. The 
hysteretic curves were compared to observe the 
behavioral similarity. After the behavior of rectangu-
lar RC walls had been validated, the investigation 
was extended to simulate other shapes of RC walls, 
i.e. flanged and barbell. Additionally, cracking 
pattern of the model was extracted from Open Sees 
to be compared to the tested specimens. The speci-
mens used to validate the results of rectangular RC 
walls were taken from specimen SW4 [12], SW21 
and SW25 [13], and J4 [14]. Furthermore, models for 
flanged RC walls were taken from specimen J7 [14], 
and F1 [15]. The last, for the barbell-shaped RC 
walls, the specimens were taken from specimen 
M05C [16], B5 [15], LW2 [17], B3 [18], and W1 [19]. 
Each specimen was loaded by controlling the 
ultimate displacement. 
 
Results and Discussions 
 
The analysis of various shapes of RC walls was done 
via OpenSees. The main results of the analysis were 
the hysteretic curves, cracking patterns, and dis-
placement profiles. 
 
Hysteretic Curves 
 
Rectangular RC Wall Specimens 
 
Validation to SFI behavior of rectangular RC walls is 
represented by three specimens, i.e. SW4 [12], SW21 
and SW25 [13]. First and foremost, Figure 2 shows 
the comparison of hysteretic curves of specimen 
SW4. The finding shows that the model predicts the 
ultimate load and displacement at 103.04 kN and 
21.85 mm, respectively. In comparison, by visually 
graph estimation, the ultimate load and displace-
ment of the experimental test was circa 103.88 kN 
and 22.19 mm. The results from the model inflict 
only slightly underestimation compared to the test, 
which is only 0.81% for ultimate load and 1.53% for 
displacement. However, judging from overall visual 
appearance of the hysteretic curve, the model’s curve 
is slightly slimmer compared to the test.  
 
Figure 3a shows the comparison of hysteretic curves 
for specimen SW21 [13] subjected to monotonic 
loading. In this case the model was loaded until the 
ultimate displacement obtained from experimental 
test, which was 11.40 mm. The initial stiffness of the 
specimen is predicted higher by the model. Further-
more, the ultimate load predicted by the model is 
lower by 8.42%. Although the model was loaded by 
limiting the ultimate displacement, one can continue 
the analysis to obtain the entire response of the 
model. 
 
 
 
 
Figure 2. Comparison of Hysteretic Curves of Specimen 
SW4 [12] (a) Test (b) Model 
 
 
(a) 
 
(b) 
 
Figure 3. Comparison of Monotonic Curve of Specimens 
(a) SW21 [13] (b) SW25 [13] 
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Another evaluation of RC wall behavior under 
monotonic loading is represented by specimen SW25 
[13], which can be observed in Figure 3b. Identical to 
model for specimen SW21, model for this specimen 
was also modeled by limiting the ultimate displace-
ment as obtained in the experimental result. It can 
be seen that the model is able to approximate the 
response of the specimen. However, there is under-
estimation of ultimate load by circa 3.86% when 
compared to the ultimate load of the experimental 
test, which was 149 kN. From these results and 
previous research results [1], it can be concluded that 
the SFI-MVLEM element can simulate quite well 
the behavior of rectangular RC walls under mono-
tonic and cyclic lateral loadings. 
 
Flanged RC Wall Specimens 
 
The experimental test results of two flanged RC wall 
specimens, namely J7 [14] and F1 [15], were used to 
validate the output of the model. Firstly, Figure 4 
shows the comparison of hysteretic curve of speci-
men J7 [14]. The ultimate loads predicted by the 
model were 843.70 kN in the positive direction and 
869.65 kN in the negative direction. Although the 
wall had symmetrical cross section, the ultimate load 
predicted by the model introduced notable difference. 
This phenomenon is also verified by the result from 
the experimental test, which were 894.50 kN and 
827.30 kN for positive and negative direction, respec-
tively. The values indicate that the average discre-
pancy is circa 5%. As for the ultimate drift, the model 
reaches 1% for both directions. This value shows 
16% and 18% underestimation to ultimate drifts of 
experimental test in the positive and negative direc-
tions, which were 1.19% and 1.22%. It is also notable 
that the model predicts stiffer hysteretic curve at the 
initial and final loading step. The overestimation of 
overall stiffness might be attributed to the applica-
tion of the axial loading, which was applied to the 
middle of the SFI-MVLEM element and might have 
caused unevenly loading distribution along wall 
cross section. Furthermore, the model is also unable 
to capture the strength degradation of the RC wall 
beyond 1.00% drift. 
 
The second specimen for flanged RC wall is F1 [15], 
which comparison of hysteretic curves is presented 
in Figure 5. It can be observed that the model 
overestimates the initial stiffness of the RC wall. 
Comparing the ultimate load in the positive direc-
tion, the model predicts lower value by 1.63%. More-
over, slight underestimation also occurs in terms of 
ultimate deflection, which is circa 2.21%. On the 
other hand, although there is negligible 0.97% over-
predicted ultimate load in the negative direction, 
there is large difference in ultimate deflection. This 
is because the local failure mechanism occurred in 
the specimen, i.e. bar buckling of the web reinforce-
ment, cannot be incorporated in the model. 
 
 
(a) 
 
(b) 
 
Figure 4. Comparison of Hysteretic Curves of Specimen J7 
[14] (a) Test (b) Model 
 
 
 
 
Figure 5. Comparison of Hysteretic Curves of Specimen 
F1 [15] (a) Test (b) Model 
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Barbell-shaped RC Walls 
 
The analysis of hysteretic curves of barbell-shaped 
RC walls is represented by specimen M05C [16], B5 
[15], LW2 [17], and B3 [18]. Firstly, Figure 6 shows 
the comparison of hysteretic curves of specimen 
M05C [16]. Visually, it can be observed that the 
model slightly overestimated the response of the 
specimen. In the negative direction of applied load, 
the model predicts 3.39% higher displacement as 
well as 14.76% higher ultimate load. In accordance 
to that, the ultimate load in the positive direction is 
overestimated around 4.00%. In contrast, the ulti-
mate displacement in the positive direction is pre-
dicted 11.77% lower to the experimental results. This 
contradiction is in fact due to the specimen was in 
the verge of sudden failure, which might not be 
simulated by the model. Furthermore, the model 
shows higher initial stiffness compared to the test 
specimen. 
 
 
(a) 
 
(b) 
 
Figure 6. Comparison of Hysteretic Curves of Specimen 
M05C [16] (a) Test (b) Model 
 
Secondly, Figure 7 shows the comparison of hyste-
retic curves of specimen B5 [15]. Similar to previous 
results, the model predicts higher initial stiffness 
and underestimates the stiffness at final load step. 
The deflection obtained by the model is slightly 
overestimated, i.e. circa 0.41% and 1.83% in the 
positive and negative directions, respectively. In 
contrast, the ultimate loads in both directions are 
predicted lower compared to the test, which were 
around 12.25% and 19.86% for positive and negative 
directions, respectively. Nevertheless, judging from 
its shape, the model can predict quite well the 
hysteretic behavior of the specimen. 
 
 
 
 
Figure 7. Comparison of Hysteretic Curves of Specimen 
B5 [15] (a) Test (b) Model 
 
Thirdly, Figure 8 shows the comparison of hysteretic 
curves of specimen LW2 [17]. It can be observed that 
the model also predicts higher initial stiffness. 
Nonetheless, the overall stiffness of the wall is finely 
approximated. Another underestimation is also 
obtained in terms of ultimate load, which is 9.44% 
and 14.45% in the negative and positive directions, 
respectively. Moreover, it is clearly shown that the 
model overestimates the ultimate displacement in 
both directions of loading, which are 47.96% and 
12.56% in negative and positive directions, respec-
tively. This is because the model did not simulate 
well the local failure due to concrete crushing at the 
bottom of boundary element at the last loading cycle 
in the positive direction, and thus the hysteretic 
curve could proceed further for the negative direc-
tion. On the other hand, from the test results, it is 
shown that after the concrete crushing, the strength 
of RC wall was degraded and the test was not 
continued further into the negative direction. 
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(a) 
 
(b) 
Figure 8. Comparison of Hysteretic Curves of Specimen 
LW2 [17] (a) Test (b) Model 
 
Lastly, Figure 9 shows the comparison of hysteretic 
curves for specimen B3 [18]. The curve shows that 
the model is able to provide considerably accurate 
result. This is indicated by slight underestimation of 
ultimate displacement, which is 1.24% and 0.87% in 
negative and positive directions, respectively. 
Underestimation of ultimate load is also obtained, 
which is circa 2.69% in the negative direction. 
Meanwhile, the model predicts higher ultimate load 
around 1.59% in the positive direction. Judging from 
the numbers, it can be concluded that the model is 
able to simulate the behavior of the specimen in 
terms of ultimate load and displacement. It is also 
notable that the curve provided by the model has 
less pinching effect, which is mainly caused by the 
specified shear resistance factors. 
 
Cracking Patterns 
 
In this paper, cracking patterns are presented only 
for rectangular and barbell-shaped RC wall speci-
mens. Rectangular RC walls are represented by 
specimen SW4 [12] and J4 [14] while barbell-shaped 
RC walls are represented by specimen B5 [15] and 
W1 [19]. 
 
 
 
 
Figure 9. Comparison of Hysteretic Curves of Specimen 
B3 [18] (a) Test (b) Model 
 
Rectangular RC Walls Specimens 
 
Figure 10 shows the comparison of cracking patterns 
for specimen SW4 [12]. It can be seen that the 
cracking angles resulted from the model at the 
boundary elements are similar to those of 
experimental results except at the bottom of the 
wall. The model is also able to show gradual changes 
in cracking angle along the boundary elements. 
Besides, the cracking patterns at the wall web 
resulted from the model are also similar with those 
of experimental results, except at the bottom of the 
wall. The cracking angle in the vicinity is accurate 
only for one direction whilst predicts less in the other 
direction. This may be attributed to the adoption of 
FSAM theory in the model. 
 
 
Figure 10. Comparison of Cracking Patterns of Specimen 
SW4 [12] (a) Test (b) Model 
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The other validation of cracking patterns for rec-
tangular RC walls is presented in Figure 11, which 
shows the comparison of the cracking patterns for 
specimen J4 [14]. It can be observed that the model 
is able to predict the global cracking patterns of the 
specimen. Nonetheless, the model provides unsym-
metrical cracking angle, especially for the right side 
of the wall web. This may be due to the adoption of 
FSAM theory, which assumed a fixed angle for 
subsequent cracks after the first crack formation. 
Also, the model shows cracks pattern at the middle 
top of the wall, while there were no notable cracks in 
the experimental test. 
 
 
Figure 11. Comparison of Cracking Patterns of Specimen 
J4 [14] (a) Test (b) Model 
 
Barbell-shaped RC Wall Specimens 
 
The first validation of cracking patterns for barbell-
shaped RC walls is presented in Figure 12, which 
shows the comparison of cracking patterns for 
specimen B5 [15]. The cracking angle predicted by 
the model at the boundary element shows a 
combination of shear and flexural crack. This may be 
because the boundary elements were also modeled 
using the SFI-MVLEM elements. Meanwhile, the 
cracking pattern at the web area is unsymmetrical, 
which is probably due to the adoption of FSAM 
theory. 
 
 
Figure 12. Comparison of Cracking Patterns of Specimen 
B5 [15] (a) Test (b) Model 
 
Furthermore, Figure 13 shows the comparison of 
cracking patterns for specimen W1 [19]. It can be 
seen that the model is generally able to predict the 
cracking patterns of the specimen. Some discre-
pancies present at the boundary elements as well as 
at the web. For those at the boundary elements, the 
model predicts a more gradual cracking angle com-
pared to those of experimental test. Moreover, at the 
web, some cracking angles are unsymmetrical, 
which differs to the experimental results. This may 
be due to the adoption of FSAM theory, which 
assumed a fixed cracking angle after the first crack 
formed. 
 
 
Figure 13. Comparison of Cracking Patterns of Specimen 
W1 [19] (a) Test (b) Model 
 
Contribution of Shear and Flexural Deformation 
 
Contribution of shear and flexural displacement of 
each RC wall types, i.e. rectangular, flanged, and 
barbell-shaped, are represented by specimens J4 
[14], F1 [15], and B5 [15], respectively. Firstly, 
Figure 14 shows the comparison of shear and 
flexural deformation contribution of specimen J4 
[14]. It can be seen that the model is able to predict 
the SFI response in the specimen, which is denoted 
by shear-dominated deformation at later stage of 
loading. This phenomenon can also be observed in 
the experimental test results. Moreover, 84.30% 
contribution of shear deformation was obtained in 
the negative direction. Meanwhile, lower contri-
bution of shear deformation in the positive direction 
was obtained in the model, which was 56.10%. As for 
the experimental test, the results show that 
contributions of shear deformation were 62.50% and 
43.30% for negative and positive directions, respec-
tively. Discrepancies between the results from the 
model and the experimental results may be attri-
buted to sliding shear deformation which occurred in 
the experimental test. However, the model could not 
simulate the sliding shear failure mechanism.  
 
Secondly, Figure 15 shows the comparison of shear 
and flexural displacement profile for specimen F1 
[15]. The results show that the model overestimates 
the contribution of shear displacement in the positive 
direction circa 6.46%, while in the negative direction, 
the model significantly underestimates the contribu-
tion of shear displacement by 27.87%. This is due to 
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web crushing failure in the experimental test which 
was not captured by the model. As for the contri-
bution of flexural displacement, it is found that the 
model underestimates the flexural displacement in 
both directions. There is negligible discrepancy 
around 0.12% in the positive direction. Meanwhile, 
in the negative direction, the difference between the 
model and the experimental results is about 13.39%. 
This also may be due to the local failure on the web 
of the specimen, which may further reduce the 
flexural rigidity of the specimen. Nevertheless, 
considering the shape of the displacement profile, it 
can be concluded that the model is able to predict 
general response of the specimen, except the local 
failure. 
 
 
Figure 14. Comparison of Shear and Flexural Drift 
Contribution of Specimen J4 [14] 
 
 
Figure 15. Comparison of Displacement Profile of Spe-
cimen F1 [15] (a) Shear (b) Flexure 
 
Lastly, Figure 16 shows the comparison of shear and 
flexural displacement profile for specimen B5 [15]. 
As can be seen, the model predicts higher contri-
bution of shear displacement. The finding reveals 
that the model overestimates the shear displacement 
by 1.59% and 12.74% in negative and positive direc-
tions, respectively. Conversely, the model under-
estimates the contribution of flexural displacement, 
which is around 20.89% and 9.93% in negative and 
positive directions, respectively. Identical to the 
previous specimen, visually the displacement profile 
predicted by the model is considerably reliable. The 
notable discrepancies in numerical values are 
strongly attributed to the inability of the model in 
simulating the local failure mechanism as occurred 
in the experimental test. 
 
 
Figure 16. Comparison of Displacement Profile of Spe-
cimen B5 [15] (a) Shear (b) Flexure 
 
Conclusions 
 
From a number of evaluations to previous experi-
mental test results, it can be concluded that the 
model, which uses SFI-MVLEM element, is able to 
predict the response of various types of RC walls 
under monotonic and cyclic loading. The results 
indicate that the model is able to predict the ultimate 
load of rectangular RC walls subjected to monotonic 
loading by introducing less than 10% difference to 
the experimental test results. Moreover, for rec-
tangular RC walls under cyclic loading, the model 
performs incredibly accurate approximation, with 
only 3% deviation for ultimate load and displace-
ment in both directions of loading. However, similar 
to the monotonic loading, the model also introduces 
higher initial stiffness under cyclic loading. Further-
more, for flanged RC walls, the model can predict the 
ultimate load accurately with less than 4% deviation 
in both directions of loading. The prediction of 
displacement in the positive direction of loading is 
also acceptable, which is not larger than 10% diffe-
rence. However, moderate estimation of displace-
ment in the negative direction is obtained for 
specimen J7 [14], which is lower than the experi-
mental results for about 20%. As for barbell-shaped 
RC walls, the model can predict the ultimate load 
and displacement with relative error for about 15%. 
In addition, the model overestimates the initial 
stiffness of barbell-shaped RC walls as in the case of 
rectangular and flanged RC walls. 
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Based on the comparison of cracking patterns, it can 
be concluded that the model is capable of describing 
the cracking patterns of the tested specimens. Some 
discrepancies in terms of unsymmetrical cracking 
patterns is due to the adoption of FSAM theory, 
which assumed a fixed angle for subsequent cracking 
angles after the first crack formation. Another key 
finding is that the crack angles predicted by the 
model at the boundary elements for the barbell-
shaped RC walls show a combination of shear and 
flexural cracks. This is because the boundary ele-
ments were also modeled using SFI-MVLEM 
element. In terms of contribution of shear defor-
mation to total deformation, the model also provides 
reliable results. For rectangular RC wall, i.e. spe-
cimen J4 [14], the model predicts 46% on average for 
contribution of shear displacement to the total 
displacement while the experimental results show 
48% on average contribution of shear displacement 
to total displacement. Thus, the result provided by 
the model is quite accurate by introducing only 2% 
relative difference to the experimental results. 
Furthermore, for barbell-shaped RC wall specimens, 
the model results 5% deviation to the experimental 
results. Nevertheless, for flanged RC walls, there is 
moderate difference in the prediction of the contri-
bution of shear deformation between the model and 
the experimental results, which is about 18% devia-
tion. 
 
In conclusions, if the specimen was not dominated by 
local failure, the model is able to accurately predict 
the hysteretic behavior of RC walls, including the 
ultimate load and displacement. The model can also 
predict the global cracking patterns neglecting the 
symmetry aspect. In addition, the model is able to 
simulate the SFI behavior of RC walls by predicting 
the contribution of shear and flexural deformations 
to total wall deformation with reasonable accuracy. 
Complete analysis results and discussions can be 
found elsewhere [20,21]. Further research can be 
conducted to incorporate the effect of local failure 
mechanism into the model. Moreover, for flanged 
and barbell shaped RC walls, the SFI-MVLEM 
element might be combined with nonlinear beam 
column element to model the wall web and boundary 
elements, respectively, in order to obtain better 
prediction of the hysteretic behavior and cracking 
patterns. 
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